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Abstract Occan backscatler data over awidevi, tv
o f oceanic and atmospheric conditions weic obtsin i by
the Jet Propulsion Laboratory NUSCA'T K, -hand s it

terometer during the Surface Wave Dynamics Bagen

ment (SWADE). A sca surface temperature ftont: tthe
Gulf-Stream boundary existed inthe SWA D]; mieusnre

nient area. S\V’ells up to 6 minsignificant wavel eiphit
and a large range of wind speed was encountercd. Rela

tions of backscatter with friction velocity ate derivedfiom
the NUSCAT- SWADE data set. The increasing ticnd oh

served i the backscatter with younger wave ape piies
with a rougher surface condition for a youngerw aveficld.
The results, obtained from the same data bawe, shiow:
that backscatter are more sensitive to frictionveloity
with smaller deviation factors comparedtothe bacel

ter functions of wave age. NUSCA'T data indiv ate the v
the azimuth direction, at which the backs ¢ atte s
nnum, is In betwee nthe wind direction and the de i

nant wave direction at light wind conditions  Fxclcinyg,
cases of large swells, there is 110 systematict rend baw
backscatter and significant wave height.

INTRODUCTION

The NASA Scatterometer (NSCAT) will e lanncl dto
measure backscatter al K band for remote sensing of ot
face winds overoccans [1]. Thusitis inportanttostindy
cffects of cenvirommnental condit ions on the ba lise it g
Inthispaper, backscatter signatures at K handasfune
tions of oceanic mn‘d‘atrmqsphcric parametoers aromive
gated with the NUSCAT-SWA 1) data base, NUS ¢ar e
an airborne K,-band scatterometer developed at tho e let
P’ropulsion Laboratory. The scatterometer was 1o un ted
011 the NASA Ames C130 aircraft onagimhalvitha
full azinuth scanning capability. The range ofimcidaice
angles was from 0° to 60° for both vertical andhotizim
tal polarizations. The scatterometer has a ligh cignd to
noise ratio arid a large dynamicrange to nicasorooes i
backscatter fora wide range of air and sca conditions
SWAD I was carried outinaninstrumented oceenic
area off thecoast of Virgimaand Maryland. During .
intensive observation period (107) of SWA D nithe v i
ter of 1991, thirty hours of backscatier data were collcled
in ten flights by NUSC AT The Gulf Stream bonidiny
was includedinthe area of the experiment Scasurfae (
temperatures across the boundary were diffcrc 111 by as
much as 10°C. swells reachiedto 6 minsipnificant woe

height. A wide rauge of wind speeds were encounted du -
ing the experiinent. Various atinospheric and and oceanic
paramcters were micasured by anarray of buoys deployed
m the SWADF arca These measurements together with
the backscatter data forin the basis of the analysis in this
paper. Backscatter signatures are investigated for-the de-
pendence on friction velocity, wave age, and significant
wave hieigh

ACROSS TH 1 GULE STREAM BOUNDARY

In a nnnber of flight lines across thenorth wall of the
Gulf Strecam, NUSCA'I" was flown over the sca surface
ternperature front at the Gulf-Stream boundary, These
flights provide backscatter data to study the temperature
eflects

Ina N USCATflight on 28 February 1991, the boundary
of t he Gulf StreamwasbetweenDiscus C buoy located 011
thewarm side andDiscus A 011 the r-old side. NUSCA'T
data contesponding tothis case were at vertical polariza-
tion and 30° incidenc e angle. The observed increase from
the colid side tothewarm side was about 5.5 dB at down-
wind , H. 2 dB atup wind, and 4.5 at crosswind. Account-
ing for the wind speed diflerence between the two sides
of the seasurface temperature front, SASS-11 geophysical
modcl function [2], which relates backscatter to neutral
wind at19. 5 m, gives only a3 dB diflerence. Large dif-
ferences inbackscatierat K band were also observed for
the hotizontal p olarization at various incidence angles in
seve 1 al other fight s. These case studies indicates that
ocea |l backscatter also depends on other atimospheric and
occauic parameters beside the neutral wind speed.

BACKSCATTER AND FRICTION VELOCITY

Radaricturusfromtheocean sur-faces arc related Lo fric-
tion velocity, v, , imboththe Bragg arid the sea-spike
scattering components [3). Liu and Large [4] used u.
derived from ditect observations to show the correlation
o f backscatter with v, Li et al. [5] demonstrated the
deprend ence of backseatter on u, based on experimental
mieasurcinents from the Front al Air-Sea Interaction lix-
periment.,

Juthis papc r, we utilize the NUSC AT-SWADE data
base to study the dependence of 6% 011 u, . Friction veloce-
ity v, used inthis analysis is determined from buoy data
with the formulation by Large arid Pond[6] for occanmo
ment win flux measurements. Fig. 1 presents backscatter



as a function of friction velocity for the horizontal ol
ization and iucidence anigles from 10° to 60°m the upwind
direction. NUSCA'T' data arc represented by the syiih s
and thie continu aus curves are for linear fitGng fund I s
in the logarithmic domain. At the incidence angle of 10
the backscatter is insensitive to the friction vclocivy 1o
larger incidence angles, the horizontal backscat tenis son
sit ive to the friction velocity with stronger backscatterton
larger u, . Thie slope of the linear curves inthelogartithoe
domain correspond to thie positive exponents ofu, S
ilar results arc obtained for both horizontalandy et ol
directions n terms of upwind, downwind, anud crossw ind
normalized radar cross sections.
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Figure 1. ]loru(mldl backscatter versus friction velo ity The
symbols denote SAT data at different incidow oz

. angles
and the contlnuous curves ac for lincarfitting function

BACKSCATTER AND WAVE AGE

Wave age is determined by the ratio of the the
speed of the dominant gravity wave over the frocticon ve
locity. Geernaert [7] showed that sinaller values of wive
age correspond to larger drag coeflicients and stecper winve
slopes. ‘T'here arc plenty of experimental evidences soch
as [8] and more recently [9) to support the corcelstiog
of rougher sca surfaces for younger wave ages  Jionghe
surfaces give rise to larger backscatter for smaller waw
ages. On the contrary, a smoother roughness hins been
suggested for younger wave ages [10].

BN

Considering these diflerences, weuse N USCAT d ata
obtained during SW/ADIE to investigate the trend be-
tween biyckscatter and wave age. Fig. 2 plots horizontal
backscalter asafunction of wave age for incidence angles
frotn 1 0710 60%. These results are for the case of upwind
backscatter. A's obscrved from Iig. 2, the data have a
decreasing t rend wit I wave age, characterized by the neg-
ative slopes of the Imecar fitting curves in the logarithmic
domain. A1 exception is at 10° incidence angle where
the back scatter is inscnsitive to the wave age. For down-
wind and crosswind directions and also for the vertical
backsc at ter, the results show the decreasing trend with
wave ape. Thiese obser vations of backscatter are consis-
tent with a roughcisea surface condition for a smaller
wave age
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Figuie 20 Horizontalbackscatter versus wave age. The sym-
bols denote NUSCAT data at different incidence angles and
the continuous curves are forlincar fitting  functions.

BACKSCATTERAND WAVE LB IGHT
Swells with a large significant wave height have been
shown to have a strong nnpact 011 ocean backscatter at
light wind conditions but not at moderate winds [1 1]
Tower measurements also sugpested that backscatter can
beaflected by long waves at lower windspeeds [12]. An-
otharst tidy concludedthat eflects of varying wave height
on radar measurements is of little importance [13]. Thus
m gencral, backscatterseemns to have a weak dependence




on significant wave height.

Results from NUSCA'T-SWADL indicated that ¢ Wy
nnuth direction, at which the backscatter s nuvxinronn,
is in betweenthewind direction anhd the dommanteeye
direction at light wind conditions. Anexammation 01 &
direction wave spectr gy at an intermediate wind spod
shows that NUSC AP maximum direction alipm 1wt}
high frequency wave components. Iigure 3 prosentap
wind horizontal backscatter as a function of <ipuifi-:
wave heightexcluding cases of swells witha larperwive
height. No systematic correlation between the bi ke st
ter and the wave height is observed. Similar observations
apply to vertical backscatter
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Figure 3. Horizontal backscatterversus significa mt w awve
height, Thesymbols denote NUSCAT data at dilicicat i

cidence angles and the continuous curves are for lincer fitting,
functions.

SUMMARY

QOcecan backscatter at K ,band was successfully mcisured
by the Jet Propulsion Laboratory NUSCA'fscatienomder
during SWADL over a wide variety of atiospheriayd
oceanic conditions. Relations of backscattenwithficrion
velocity have a positive trend with positive exponatof
u, Results show the trend of mereasing backs atiter vath
younger wave awhjch corresponds to aroughcrsitliee
for a younger wave field. N o systematicticnd hoiveen
backscatter and significant wave height is ohsei} <

ACKNOWLEDGMENTS

Thiswork was petformed under a contract with the Na-
tional Acronantics and Space Administration at the Jet
Propulsion Laboratory, Californialnstitute of Techno Jogy.
he anthors thank Do 30 DL Oberholtzer, Dr. K. Steele,
and Dr. 1). Wang forthe buoy data.

REFERENCES

(1] ¥. M. Nadai, M. 11 Yreilich, and 1), G. Long, “Space-

borne radarmeasurement of wind velocity over the ocean
an overvicw of the NSCA'L scal terometer system,” Pro-
cecdings of the 1EEE, vol. 79, no. 6, pp. 850-866, 1991.

[2] ¥.).Wentz, S Peteberych, and 1. A. Thomas, “A model
function forocean radar cross sections at 14.6 Glz,” J.
CGeophys. Res., vol. 89, no. C3, pp. 3689-3704, 1984.

(3] O. M. Pl illips, “Radar retuins from t h e sca sur-
fac Bragg scattering and bicaking waves,” J. Phys.
Occanogr., vol. 18, pp.1065- 1074, 1988.

[4 W. "I’ Linand W.G. Large, “Determination of surface
st1cs by Scasal-SASS: A case study with JASIN rfata,”
J.Phys. Oceanogr ., vol 12, pp. 1603-1611, 1981.

[5] ¥. 14, W. Large, W. Shaw, E.J Walsh, and K. David-
son, “Ocecan 1 adar backscatter relationship with near-
smiface winds: A casc study during FASINE X,” J. Phys.
Oce (1)(Y )., vol.19, 1103, 1111.342-3:13, 1989.

[6] W. G. Larpe and S. Pond, “Open occan momentum flux

measurements in moderate t o stiong Win d,” J. Phys.
QOcranogr ., vol. 11, pp. 324.336, 1981.

[71 G.L.Gcernaat, “hulk paramecterizations for the wind
stress aund heat flux e8] Surface Wave and Fluxes, G. 1.
Geonaertand W) Plant, eds., Vol. 1, pp. 91-172, 1990.

18] M.A.Donclan, } W.Dobson, S. 1). Smith, surf R. J.
Auvdason, “Onthedependence of sca-surface roughness
on wave development,” J. Phys. Occanogr.,vol.23, no.
O, pp. 2143 2149,1993.

9] 1{. A . Juszko, H. . Madsen, and S. R. Waddell,
© Wind stress fronwave slopes using Phillips equilibrium-
theory, J. Phys.Oceanogr.,vol. 25, no. 2, pp. 185-203,
1905,

(10} v. “Joba and M. Koga, “A paramecter describing overall
conditions of wavcbreaking, whitecapping, sca-spray pro-
dus tion and wind stiess,” i n Occanic Whitecaps, 1id. by
}i. C. Monahau and G. Mac Niocaill, pp. 37-47, 1986.

[11] S, V.Nghicm, V. K. 14, S, 1[. Lou,G. Neumann, R.
15, Mclntosh, S. C.Carson, J. R, Carswell, . J. walsh,
M A. Donelan, W. M. Irennan, “Obscrvations of ocean
radar backscatter at Ku and C bands in th e presence of
large waves during the Sur face Wave Dynamics Experi-
ment,” JTEEE Trans. Geosct. Remote Sens., voi. 33, no.
3, pp. 708721, 1495.

[12] w C. Keller an d W 1. Plant, “Cross Sections and Mod-
ulation Transfer Functions at 1. and Ky Bands Mea-
sure d During thd Fower Ocean Wave And Radar Depen-
dence Experiment,” J.Geophys. Res., vol. 95, no.C9, pp.
16277-16289, 1990,

[13] D. Ross an d W. 1. Joues, “Ontherclationship of radar
bac kscatter to w ind speed and feteh,” Boundary Layer
Mcteosol. vol. 13, pp. 151163, 1978,




